Ligand Noninnocence in Nickel Porphyrins: Nickel Isobacteriochlorin Formation under Hydrogen Evolution Conditions.
An electron-deficient nickel porphyrin complex undergoes facile ring reduction to form a nickel isobacteriochlorin complex under hydrogen evolution conditions. Spectroscopic experiments indicate that the reduced nickel porphyrin undergoes subsequent reduction and protonation to form a phlorin anion rather than a metal hydride, demonstrating that the key initial proton-coupled electron transfer step is directed toward the ligand versus the metal. The phlorin anion facilely converts to the isobacteriochlorin in the presence of two-electron and three-proton equivalents. Cyclic voltammetry (CV) and spectroscopic experiments reveal that the four-electron, four-proton electrochemical reduction of nickel porphyrin to isobacteriochlorin occurs promptly in the presence of the strong proton donor tosic acid, followed by hydrogen evolution reaction (HER) catalysis at slightly more negative potentials. CVs of independently synthesized Ni isobacteriochlorin show a catalytic HER at the same potentials as those observed for the HER in CVs of the Ni porphyrin. We find that, under strongly acidic conditions, the HER catalysis arises from conversion of the Ni isobacteriochlorin into a nickel-containing, catalytically active electrode-adsorbed species. These results show that Ni porphyrin converts to Ni isobacteriochlorin under HER catalysis conditions via a ligand-based PCET process and that it is the isobacteriochlorin complex which gives rise to an active HER catalysis.